To clarify the effect of shelterwood silvicultural method on the diversity of plant species in a beech (Fagus orientalis) forest in the north of Iran, we compared the plant species diversity in three compartments (treatments) where regeneration cuttings were performed with that in a primary compartment. The sampling procedure was a systematic random method and the tree, tree regeneration, shrub and herbaceous species were identified and measured within sampling plots. Results indicated that the mean tree richness in compartment No. 1 (only with one seed cutting) was higher than in the other compartments. The mean richness of understorey species in compartment No. 4 (with all regeneration cuttings) was higher than in the other compartments. The mean evenness (E Var ) of tree species in compartment No. 4 was higher than in the other compartments. The mean evenness of understorey species in compartment No. 1 was higher than in the other compartments. The mean tree diversities (i.e. 1-D, N 2, H´ and N 1 ) in compartment No. 1 were higher than in the other compartments. In addition, the mean diversities of understorey species in compartment No. 1 were higher than in the other compartments.
JOURNAL OF FOREST SCIENCE, 55, 2009 (8): 387-394 Since the United Nations Conference on Environment and Development Process (UNCED) of Rio de Janeiro (1992) and the Ministerial Conference on the Protection of Forests in Europe of Helsinki (1993) , biodiversity has become one of the main topics of forest management (Schmidt 2005) . Species diversity is considered to be one of the key parameters characterizing ecosystems and a key component of ecosystem functioning. Site disturbance in managed and unmanaged European forests provides the driving force for forest dynamics and regeneration through structural change, initiation of succession and creation of habitat diversity (Schmidt 2005) . Baseline data from reference conditions (virgin forest) provide essential arguments in favour of sustainable forestry, including the protection and maintenance of biodiversity. In the past the scientific and public discussion was often determined by the opinion that forest management reduces species diversity of forests while the virgin forest per se has the highest species richness. Since most silvicultural studies have stressed the effectiveness of regeneration or changes in stand structure after logging, ecological knowledge that can be applied to management practices for conserving plant species diversity is still limited (Reader 1987; Taylor, Qin 1989; Gilliam et al. 1995; Hannerz, Hånell 1997; Deal 2001; Kariuki et al. 2006; Müller et al. 2006 ). Furthermore, the discussion of species diversity and richness after forest management has aroused controversy (e.g. Duffy, Meier 1992; Elliott, Loftis 1993; Selmants, Knight 2003; Atlegrim, Sjöberg 2004) . Therefore, more data on the effects of various silvicultural systems on species diversity and richness is required. Logging methods also need to be evaluated from the perspective of their effect on regeneration and on successive tree populations, and from their influence on species diversity.
The effect of shelterwood silvicultural method on the plant species diversity in a beech (Fagus orientalis Lipsky) forest in the north of Iran
The beech forests in the north of Iran are an example of a commercially important forest type where biodiversity will need to be maintained in the framework of active timber management. The northern forests of Iran cover an area of 1.8 million hectares. The beech forests extend in the north of Iran, covering 30% of the area of these forests and the typical forests are found from 700 to 1,800 m above sea level and form a beech community (Fagetumorientalea) . Scientific management of beech forests was started using a shelterwood method in 1959, and the aim was to achieve even-aged and regular forest stands. After a long time, this aim was not obtained for numerous reasons. The understorey vegetation accounts for the vast majority of plant species in these forests. The relative merits of silvicultural techniques in regard to yield and tree regeneration have been well documented, but their impact on plant diversity is unknown.
The objectives of this study are: (a) to quantify current patterns in overstorey and understorey species diversity with taxonomic and statistical rigor, (b) to study the effects of shelterwood method on plant diversity.
The presented results should also be used to test the following hypotheses: (a) The shelterwood silvicultural method affects plant species diversity. (b) Plant species richness increases with performed silvicultural practices.
MATErIALS AND METHODS

Study area
The study area covers approximately 200 ha of the beech forests, belongs to district No. 6 (latitude from 36°55'48'' to 37°1'20''N, longitude from 49°45'0'' to 49°59'30''E) of Shenrood (Watershed No. 25) , in the northern forests of Iran ( Fig. 1 ). Altitude ranges from 900 to 1,250 m a.s.l. and general aspect of this area is northeastern. Climatically, mean annual rainfall and temperature are 1,362 mm and 11.3°C, Geologically, this region emerged in the Jurassic and cretaceous periods of the Mesozoic era. The parent materials are mainly calcareous and they are accompanied with argillic siltstone, sandstone and basalt in some places. Edaphically due to mountainous conditions of the area, relatively high -very high slope and homogeneous parent materials, the soil texture does not show important variability. The soil is usually acidic, neutral in some parts, and it is mostly the mature soil with profile A -(B) -C until A-B-C. The soil texture in the most part is heavy with poor or moderate drainage and the topsoil contains gravel (Forests and Rangelands Organization of Iran 1994) . Major constraints of the area are relatively high slope, heavy and gravel soil in the top horizontal.
Sampling methods
This study was conducted in four compartments (treatments) where in compartment No. 1 only seed cutting was performed and in compartments No. 3 and 4 all regeneration cuttings were performed and compartment No. 2 was a reference compartment. Compartments and sampling plots were assigned as treatment and replication, respectively. The number of sampling plots varied in dependence on the compartment area (Table 1 ). In some sampling plots in the overstorey, only one species (i.e. beech tree) was found, and therefore diversity measures could not be calculated. This is the reason for a lower number of sampling plots in overstorey (89) compared to understorey (172).
For data collection, the systematic random method with dimension of 80 × 80 m was used. The sampling plot area was determined using nested plot sampling and the species/area curve was also plotted (Fig. 2) . The plot area was 20 × 20 m. Primarily, characteristics of each sampling plot (i.e. elevation, aspect and slope) were recorded. All four compartments (treatments) had approximately similar ecological conditions in terms of altitude, aspect, slope and edaphic properties (Forests and Rangelands Organization of Iran 1994) . Variations of elevation, aspect and slope were found 900-1,000 m a.s.l., northeastern and western and 30-50%, respectively in the majority of the sampling plots. Thus, topographical conditions were relatively homogeneous amongst the compartments.
In the overstorey, the diameter at breast height (dbh, 1.3 m above the ground) of all trees ≥ 10 cm was measured and identified. dbh was used to calculate the basal area for each tree. In the understorey, shrub, tree seedling and herbaceous species were identified and abundance-dominance for each species was estimated on the basis of the Braun-Blanquet scale (Mueller-Dombois, Ellenberg 1974; Bredenkamp 1986; Kooij et al. 1990; Fuls et al. 1993 ) in the given layers. Sampling plots were taken from May to July 2002.
Data analysis
Data analysis was conducted separately in the overstorey and understorey. In the overstorey, dbh of trees were converted to basal area (m 2 ) data and substituted for the number of individuals in the calculations (Brockway 1998 ). In the understorey, dominance-abundance data of shrub, tree seedling and herbaceous species were transformed into cover percentages per each species and substituted for the number of individuals in the calculations (Wild et al. 2004) . In order to calculate species diversity in each storey, Simpson's (1-D), Shannon-Wiener's (H´) diversity indices, Hill's (N 2 ) and McArthur's (N 1 ) were used (Ludwig, Reynolds 1988; Krebs 1999; Magurran 2004) . Since diversity is composed of two components: richness and evenness, the number of species (S) was considered as richness. The evenness indicates how individuals are distributed among species. In this study, Smith and Wilson's evenness index (E Var ) was used as follows (Krebs 1999) :
where: arctangent -measured as an angle in radians, n i -basal area for overstorey species and is coverage for the understorey of the i th species in the sampling plot, n j -basal area for overstorey species and is coverage for the understorey of the j th species in the sampling plot, S -total number of species in the entire sample. This is the best available index of evenness, because it is independent of species richness and is sensitive to both rare and common species in the community (Krebs 1999) . All diversity calculations were conducted using Ecological Methodology Software (Krebs 1999) . Statistical analyses were conducted by ANOVA and Kruskal-Wallis tests (SPSS10.0, Kinnear, Gray 2001). In order to conduct these analyses, various compartments and sampling plots were considered as treatment and replication, respectively. Before doing data analyses for diversity measures, data of elevation, aspect and slope were analyzed and there were not any significant differences between them (P > 0.05).
rESULTS
Overstorey layer
There were 12 tree species in this layer which belong to 11 and 8 genera and families, respectively (Tables 2 and 3 ). The diversity measures and their standard deviation in the studied compartments are shown in Table 4 . The richness and evenness measures and their standard deviation are also shown in Table 6 . The ANOVA test indicated that there were significant differences among mean diversity measures in the four compartments (P < 0.05). Tukey's test showed that there was a significant difference between the mean diversity of compartment No. 1 and the other compartments. In addition, there were no significant differences among mean evenness measures in the four compartments. Finally, the Kruskal-Wallis test indicated that there were significant differences among mean richness measures in the studied compartments and also Tukey's test showed that there was a significant difference between the mean richness of compartment No. 1 and that of the other compartments.
Understorey layer
There were 11 shrub species, 53 dicotyledons and 25 monocotyledons of herbaceous species and 15 mosses and ferns species which belong to 8, 29 and 7 families, respectively in this layer (Table 3) .
The diversity measures and their standard deviations are shown in the studied compartments in Table 5 . In addition, the richness and evenness measures and their standard deviation are also shown in Table 6 . The ANOVA test indicated that there were no significant differences among mean diversity measures in the four compartments. In addition, there were significant differences among mean evenness measures in the four compartments. Meanwhile, Tukey's test showed that there was a significant difference between the mean evenness measure of compartment No. 1 and others. Finally, the Kruskal-Wallis test indicated that there were no significant differences among mean richness measures in the studied compartments. 1 1-75 0.5-3 0.5-37.5 0.5-1 2 1-100 0.5-3 0.5-87.5 0.5-3 3 0.5-100 0.5-47.5 0.5-37.5 0.5-1 4 0.5-75 0.5-37.5 0.5-37.5 0.5-1 E3: tree, E2: shrub, E1: herb (all herbs, grass, herbaceous ferns and juvenile woody species), and E0: moss layer 
DISCUSSION
Diversity is only one complex feature describing the structure of the community. Searching for diversity of community changes should be based on analyses of changes in the species composition. Tree species are directly affected by forest management practice. Mean richness of tree species per sampling plot in compartment No. 1 was higher than in the other compartments, since in this compartment only seed cutting was performed. There were 9 tree species in compartment No. 1, the species including: Fagus orientalis, Carpinus betulus, Alnus glutinosa, Acer insigne, A. cappadocicum, Quercus castaneifolia, Diospyros lotus (common species), Tilia begonifolia and Cerasus avium (rare species). There were 8 tree species in compartment No. 2 (unmanaged forest), the species including: Fagus orientalis, Carpinus betulus, Alnus glutinosa, Acer insigne, A. cappadocicum, Juglans regia (rare species), Pterocarya fraxinifolia and Diospyros lotus. In addition, there were 5 and 4 tree species in compartment No. 3 and 4, respectively. The tree species of Fagus orientalis, Carpinus betulus, Alnus glutinosa, A. cappadocicum and Quercus castaneifolia were found in compartment No. 3 and Fagus orientalis, Carpinus betulus, Alnus glutinosa and Acer insigne were in compartment No. 4. Previous research indicated that the response to forest management or changing forest structure after logging varied from species to species. It was stated that common species were less susceptible to the effects of harvesting operations than rare species (Nagaike et al. 1999) .
The mean richness of tree species per plot was higher in compartment No. 2 than in compartments No. 3 and 4, but there was no significant difference between them. Therefore, the shelterwood silvicultural system did not affect tree richness. Nagaike et al. (1999) also reported this result in Japan's beech (Fagus crenata) forests. In addition, Deal (2001) found no significant differences in species richness between the uncut and partially cut plots in the forest plant communities of western hemlock -Sitka spruce stands in southeast Alaska. The mean diversity of tree species was higher in compartment No. 1 than in the other compartments, because tree richness had the highest value in compartment No. 1. In addition, the mean diversity of tree species in compartment No. 2 was also higher than in compartments No. 3 and 4, with no significant differences. Thus, this silvicultural system did not have a considerable effect on tree species diversity. This silvicultural system did not significantly influence tree diversity after it was performed for 10 years in beech forests of Shafarood in Guilan (Poorbabaei, Ranjaver 2008) . The results from Japan's beech forests confirmed this trend (Nagaike et al. 1999 ). Furthermore, this silvicultural method increased the evenness of tree species (i.e. the relative abundance of tree species increased), while the evenness value was highest in compartment No. 4 and lowest in compartment No. 2. In Japan's beech forests, although the diversity and richness of both forest floor plant and tree species in primary and managed stands were not significantly different, the relationship between the number and the frequency of occurrence of each species varied in the two stand types (Nagaike et al. 1999) . It was indicated that species diversity in managed stands was primarily maintained by a remarkable increase in the frequency of occurrence of managed stand species. Thus, in our study, species diversity after logging seemed to be affected mostly by changes in the frequency of occurrence of species rather than by increasing numbers of newly occurred species. Also, Deal (2001) pointed out that the plant community structure appears resilient to partial cutting within a moderate range of cutting intensity. Regarding that forest management might decrease plant diversity, most recent studies in temperate forests that measured management effects on understory species diversity report either no reductions, short-lived reductions, or increase in species richness following silvicultural practices (Battles et al. 2001) . The mean richness of understory species per plot was higher in compartment No. 4 than in the others, the underlying reasoning is a decrease in canopy cover and an increase in light to the forest floor. Regarding that there was no significant difference in species richness among compartments, therefore this silvicultural method had no remarkable effects on plant species richness in the understory. In addition, the mean diversity had the highest value in compartment No. 1 since the evenness value was higher in this compartment, but there was no significant difference in species diversity among the compartments. In contrast, diversity measures of understory were significantly higher in the logged forest than in the unlogged forest after it was performed for 10 years in beech forests of Shafarood in Guilan (Poorbabaei, Ranjaver 2008) . Overall, partial cutting maintains diverse and abundant plant understoreys comparable to the plant communities typically found in old-growth stands (Deal 2001). The mentioned method did not have any remarkable effects on plant diversity in the understorey.
In conclusion, the shelterwood system seems to be an option for maintaining plant species diversity after logging.
